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Introduction
Dementia is a complex, progressively debilitating disorder which typically causes a general loss of cognitive, functional and mental capabilities [1] . Currently, an estimated 35.6 million people worldwide are affected by this disease, the prevalence of which increases almost exponentially with older age [1] . Due to aging populations in all industrialized countries, the number of individuals afflicted by dementia will increase significantly over the next decades.
Compared to other diseases which impose a large burden on society, dementia is a relatively new area of policy focus. A core policy principle within Europe is to encourage home and community-based services in order to delay institutionalization [2, 3] . As a result, informal caregiving (defined as unpaid care provided by relatives or friends) is playing an increasingly vital role in delivering care for people with dementia (PwD). Although family members caring for their impaired relatives are not remunerated by direct payments, providing informal care is associated with different economic effects (cf. [4] for an overview about the economic effects of informal care and [5] for an overview about economic valuation of informal care).
Besides a considerable amount of opportunity costs, which occur when informal caregivers (ICG) quit their jobs or reduce their working hours due to caring for their relatives, it is well documented that informal care has an impact on formal care expenditures by influencing care recipients´ (CR) formal care use [e.g. 6]. Although informal care can be both a substitute and a complement to formal care, van Houtven and Norton found, that on net, informal care is cost-saving by reducing formal care expenditures [4] . However, in order to quantify the net savings on formal care expenditures, it has to be taken into account that informal caregiving might influence caregivers´ health and health care utilization as well.
Dementia caregiving is often perceived as stressful and extremely challenging by many caregivers [7, 8] . Even though providing care to a relative or a close friend can also be accompanied by positive aspects such as feeling useful or experiencing pride in one's own abilities to cope with crisis [9] , past studies have shown that dementia caregiving has been linked to a number of adverse health conditions.
Compared with non-caregivers, caregivers showed significantly higher rates of depressive disorders [7, 10] , they experienced decrements in immunity measures relative to controls [11, 12] , and (to a smaller extent) reported more physical morbidity [7] . The findings regarding the extent to which bad health can be explained by the amount of assistance provided on the one hand and moderator variables like CRs' physical and cognitive impairment or the presence of behavioral problems on the other hand are not consistent across studies. For example, investigating the determinants of caregiver burden and depressive mood, Pinquart and Sörensen found in their meta-analysis a (small) positive relationship between the amount of provided care, depression and caregiver burden [13] , whereas other studies didn't find such a relationship [e.g. 14, 15].
Besides negative mental and physical health effects, it has been revealed that informal caregiving might also lead to higher health care utilization. For example, former studies showed that outpatient visits [16, 17] and rates of drug use [6, 18] have been significantly higher among caregivers relative to non-caregivers. This additional resource utilization has to be considered when calculating the total costs of informal caregiving.
Studies investigating the relationship between informal caregiving and ICG´s health status and health care utilization predominantly come from the US. Results from Europe are rare and particularly comparisons between different European countries are to the best of our knowledge not available. However, as European countries differ with respect to several factors (e.g. health care structures, dementia care policy or cultural values), which may all contribute to the amount of informal care and its consequences on ICG´s health and health care utilization, a comprehensive comparison among different European countries is required in order to derive adequate policy implications for Europe.
It has been shown for other areas in the context of health care provision for people suffering from dementia that outcomes differ tremendously within Europe. For example, a large variation between European countries was found regarding the quality of life and quality of care for people with dementia [19] , for the reasons contributing to their institutionalization [20] and for care and service activities in general [21] .
In the particular context of informal caregiving, previous findings point to a significant northsouth gradient within Europe. For example, Bolin, Lindgren and Lundborg found that the relationship between informal caregiving and labor market outcomes differ significantly between northern and southern regions within Europe [22] . Furthermore a higher support for filial norms and a preference for receiving informal long-term care from their families were reported in southern countries (Spain and Israel). In general, southern European countries are often described as countries where family loyalties and intra-generational support are more pronounced, whereas Nordic countries and Central Europe are referred to as countries with less distinct family ties [23] .
In this study, we focus on the association between informal caregiving and caregivers´ health and health care utilization in eight European countries. Special emphasis is put on i) the determinants potentially influencing the impact of caregiving intensity on caregivers´ health and health care utilization, i.e. factors that are strongly related to CRs' care needs, such as illness severity characteristics and ii) differences among European countries regarding the association between informal caregiving and caregivers´ health and health care utilization.
Until now, comparative analyses among European countries have been exacerbated by a lack of comparable data. In this analysis we are taking advantage of an unique primary dataset generated by a large European Project called "RightTimePlaceCare" (RTPC). The dataset contains information about more than 1000 people with dementia living at home together with their informal caregivers and was collected in a consistent manner across eight European countries.
The study includes countries from various geographical areas of Europe. Specifically, participating countries can be assigned to the north of Europe (Estonia, Finland and Sweden), to central Europe (France, Germany, the Netherlands and the United Kingdom (UK)) and to the south of Europe (Spain). This enables us to explore the existence of the north-south gradient in relation to the research questions mentioned before.
The remainder of this paper is organized as follows: in section two a brief overview of the study design of "RightTimePlaceCare" is given and the empirical strategy is described. In section three the regression results are presented and the final section discusses the results and draws some conclusions.
Data and methods

Data source
The empirical analysis is based on survey data generated by the European Project "RightTimePlaceCare". RTPC was a prospective cohort study conducted in eight European countries (Estonia, Finland, France, Germany, Netherlands, Sweden, Spain and the UK). The UK data for the current study were gathered solely in England. Data were collected by faceto-face interviews at baseline between November 2010 and April 2012 and follow-ups were performed after three months. RTPC provides a wide range of outcome measures for both people with dementia (e.g. health characteristics and resource utilization) and their informal caregivers (e.g. caregiving intensity and caregiver burden).
As RTPC focuses on the transition from professional home care towards institutional nursing care, two groups of people were included: 1) People with dementia (PwD) newly admitted to institutional long-term care facilities (i.e. within one to three months after admission) and their informal caregivers, and 2) PwD receiving professional home care, who were at risk of institutionalization (criterion was a health care professional who judged institutionalization as probable within three to six months) along with their informal caregivers. In the present study, we focused on health effects and health care utilization of informal caregivers and thus merely considered group 2) in the analysis. To ensure that country-specific samples were comparable among each other, the general inclusion criteria for PwD in group 2) were applied: 1) a formal diagnosis of dementia; 2) a maximum score of 24 on the Mini Mental State Examination (MMSE) measure of cognitive functioning (in order to exclude cases of mild cognitive impairment); 3) the availability of an informal caregiver who visited at least twice a month and 4) a minimum age of 65 years. People with primary psychiatric disease or Korsakoff´s syndrome were excluded, since they usually differ from other PwD (e.g. have a better mobility and are younger). Further information about RTPC´s rationale and its methodology can be found in Verbeek et al. [24] .
Overall, the present study was based on data from 1029 caregivers providing informal care in the home care setting. The analysis was restricted to baseline data in order to avoid problems of panel attrition. 194 (15.9%) observations were excluded from the original sample because of missing values in one or more variables. The main reason for missing values was due to incomplete scores on the MMSE for individuals with more severe dementia.
Outcome measures
We used two different self-reported measures of caregivers´ wellbeing: 1) the General Health Questionnaire -12 (GHQ-12) to assess psychological wellbeing (range from 0 to 36, with higher values indicating less psychological wellbeing, cp. [25] ) and 2) EQ-VAS, which is the second part of the health-related quality of life questionnaire EQ-5D. EQ-VAS is a visual analogue scale which records the caregivers´ self-rated health on a 20 cm vertical scale and ranges from 0 to 100 (with 0 indicating the worst and 100 the best imaginable health status, cp. [26, 27] ). The EQ-VAS and EQ-5D are widely used for health economic evaluation and in many areas of health research and its psychometric properties have been demonstrated in populations with different diseases and disorders [28] as well as in the context of informal caregiving [29] . In our study we decided to use the VAS instead of the categorized EQ-5D index as it was shown for some diseases that EQ-VAS scores were more responsive than EQ-5D index scores.
Caregivers´ health care utilization was assessed by the probability of at least one GP visit within the last month. Furthermore, caregivers´ subjective rating about the proportion of their use of health and social care resources which is influenced by caregiving was considered. Therefore, after completing the Resource Utilization in Dementia (RUD) questionnaire, caregivers had to specify if 0, 25, 50, 75 or 100 % of their total use of health and social care resources (e.g. doctor visits, medication or hospitalization) was related to their caregiving tasks.
Caregiving intensity
The amount of care was assessed by the total numbers of hours per day caregivers spent on assisting their relatives with activities of daily living (ADL) such as eating or dressing and instrumental activities of daily living (IADL) such as shopping or housekeeping. Assistance on ADL and IADL was measured using the Resource Utilization in Dementia (RUD) instrument [30] which has been validated for assessing informal care in several previous studies [31] . For the descriptive statistics (Table 1) , the intensity of care was divided into three groups: a low level of care was coded for 0 -3 hours of daily care, a medium level for 4 -8 hours and a high level of care for more than 8 hours of care per day. In the multivariate analysis, caregiving intensity was included as continuous variable. Total hours of caregiving were restricted to a daily maximum of 16 hours as we assumed a minimum of 8 hours noncaregiving per day.
Covariates
Previous studies have shown that CRs' illness severity characteristics can potentially influence health outcomes among caregivers [32] . Therefore, three aspects of care receivers´ impairment were included in the regression models: a measure for physical as well as cognitive impairment and an indicator for the presence of behavior and neuropsychiatric problems. The level of physical impairment was assessed by the Katz Index of Independence in Activities of Daily Living. The index ranks adequacy of performance in the six functions of bathing, dressing, toileting, transferring, continence and feeding. The total score ranges from 0 to 6, whereby a higher score indicates a higher degree of ADL-independency [33] .
Cognitive impairment was measured with the Standardized Mini-Mental State Examination (S-MMSE). The S-MMSE score runs from 0 to 30 with a lower score representing more severe cognitive impairment [34] . The NeuroPsychiatric Inventory -Questionnaire (NPI-Q) serves as instrument to indicate behavioral and neuropsychiatric problems. The NPI-Q consists of 12 items in 10 behavioral and 2 neurovegetative areas. Two scores were calculated: a severity and a distress score [35] . In the present analysis we used the severity score which ranges from 0 to 36, with higher scores indicating the presence of more severe neuropsychiatric and behavioral problems.
Furthermore, we controlled for socio-demographic variables such as age and gender and we included a binary variable to denote whether caregiver and care recipient lived together.
Empirical Analysis
First, the mean values and standard deviations of the outcome measures (GHQ-12, EQ-VAS, GP visit, subjective rating of health care utilization), the caregivers´ socio-demographic characteristics and three indicators for PwD´s disease severity are presented in relation to three categories of caregiving intensity (low, medium and high intensity). This provides an initial impression of the distribution of the different dependent variables and covariates in relation to the duration of daily caregiving.
Second, multivariate regression models were applied to regress the outcome measures on caregiving intensity and the covariates. Initially, pooled models including the whole sample and subsequently models for each country separately were estimated. The focus of the analysis was on the impact of caregiving intensity on ICG´s wellbeing and health care utilization. As the time spent on providing informal care depends on CRs' need for care, which is determined by the disease severity, we included different indicators for patients' illness characteristics stepwise in order to ascertain how the relationship between the duration of caregiving and caregiver´s wellbeing and health care utilization respectively, was moderated through different disease severity characteristics. Therefore, based on the first model which solely controls for socio-demographic characteristics, the order of the entry in the pooled models was as follows: (1) ADL-independency (Katz-Index), (2) cognitive impairments (S-MMSE), and (3) behavioral problems (NPI-severity). When estimating the country-specific models, we distinguished only between the basic isolated model and the full specified model which contains all three indicators for dementia severity.
Except for the dichotomous variable "GP visit", which was estimated by probit-models, we used ordinary least squares estimation (OLS) with robust standard errors for all models.
Statistical analysis was performed using the software STATA 12.0. Table 1 presents descriptive statistics of informal caregivers´ characteristics and some disease severity measures of their care recipients, differentiated by three categories of caregiving intensity (low, medium and high intensity). Mean values and standard deviations are shown for the whole sample and for each country separately. As the last part of Table 1 shows, caregivers were primarily female (68.7 %) with an average age of 64.6 years (standard deviation: 13.6). The mean S-MMSE score was 14.3 (6.6) index points, indicating the presence of moderate dementia on average [36] . ADL-independency and NPI-severity scores averaged 3.5 (1.8) and 9.3 (6.3) index points respectively. Table 1 With increasing caregiving intensity, caregivers were older (66.1 (12.6) years) and PwD displayed higher behavioral problems (10.9 (6.6) NPI-Q index points) as well as lower ADLindependency (2.6 (1.9) KATZ index points) and S-MMSE scores (11.1 (7.0)). These general patterns also can be observed within the different countries for most of the variables. However, there were considerable differences regarding the mean values of some variables. For example, the average age of informal caregivers was the lowest in Estonia at about 57 years and the highest in Sweden at 72 years. The best overall health status was reported in Finland, France and the Netherlands (72 from 100) and the worst in Spain (61). In Germany, the average proportion of health care utilization which can be attributed to caregiving was 24.2 percent, whereas the corresponding value for Finland only amounted to 5.5 percent. Also with respect to PwD´s disease severity some differences occurred between countries: e.g. the lowest mean S-MMSE score was measured in Estonia (10.6) and the highest was measured in Finland (16.5).
Results
Descriptive Statistics
Regression Results
Table 2 presents the regression results for both health outcome measures (GHQ-12 and EQ-VAS) for the pooled data. Regarding psychological health, spending more time on providing informal care was significantly associated with less psychological wellbeing in all models.
Table 2
In model 1 (left column), controlling for demographic factors only, one additional hour of caregiving was associated with an increase of about 0.24 GHQ-12 index points. Including ADL-independency and cognitive impairment in model 2 and 3 did not change much of the magnitude of the caregiving coefficient, whereas the relevance of caregiving intensity decreased clearly when behavioral problems were taken into account: in the full specified model (model 5), increasing caregiving time by one hour translated in an increase of about 0.16 GHQ-12 index points. The strongest predictor for decreased psychological wellbeing was the existence of behavioral problems with beta equal to 0.28, whereas the other disease severity measures did not show any significant impact.
The relationship between caregiving intensity and psychological wellbeing within the different countries is illustrated in the left columns of Table 3 where only the coefficients of caregiving hours and three disease severity measures are reported. Generally, we estimated two models for each country-specific analysis: model 1 solely included age, gender and caregiving hours, whereas model 2 was the fully specified model controlling for all independent variables simultaneously.
From model 1 (column 1) it can be seen that there was a positive relationship between caregiving hours and decreased psychological wellbeing in all countries. This association was significant in five countries (Estonia, Finland, France, Sweden and the United Kingdom) and most pronounced in France and Estonia. In these countries, increasing informal care by one hour was associated with an increase of around 0.34 index points of the GHQ-12 whereas a significant relationship was not observed between informal caregiving and psychological wellbeing in Germany, Spain and the Netherlands. When turning to the full specified model (column 2), the caregiving estimate remained significant and its magnitude only reduced slightly in France and Estonia, whereas in all other countries the relevance of caregiving intensity reduced considerably or disappeared completely once CRs' disease severity measures were controlled for. In all countries, PwD´s behavioral problems were found to be a significant predictor for caregivers` limited psychological wellbeing.
Table 3
When looking at the relationship between caregiving intensity and self-rated overall health on average (i.e. in the pooled sample), the effect of informal caregiving was relatively similar to the pattern between caregiving and psychological wellbeing. As described before, providing more informal care was significantly associated with lower overall health in all models (right columns of Table 2 ), whereas the magnitude of the estimate decreased when disease severity measures were included in the models. Again, among the disease severity measures the strongest impact was found for behavioral problems. Holding everything else constant, an increase of caregiving time and NPI-severity by one unit corresponded with a decrease of overall health by 0.42 and 0.47 index points, respectively.
In the right-hand columns of Table 3 the country-specific regression results for self-rated overall health are presented. The negative signs of the caregiving estimates in model 1 (column 1) imply a negative association between caregiving intensity and the self-rated health status in all countries apart from the Netherlands.
This observed relationship was significant and strongest in Finland, Sweden and Estonia.
When controlling for disease severity measures in the full specified model, the caregiving estimate lost its significance in Sweden but remained significant in Finland and Estonia.
Furthermore, in all countries except Germany, Spain and the UK, being confronted with greater behavioral problems was a significant predictor for reduced overall health. In Sweden e.g., increasing NPI-severity by one index point, resulted in reduced health by approximately one index point. PwD´s cognitive and physical impairments however were not related to overall health in any of the countries.
The regression results regarding health care utilization are illustrated in Table 4 . Results for the subjective rating about the proportion of health care use which is influenced by care giving are displayed in the left columns and the results for at least one GP visit within the last month are shown on the right-hand side of each model. In all models, providing more care was associated with a significantly higher reported proportion of health care utilization. In model 5 (the full specified model), one extra hour of caregiving resulted in 0.56 additional percentage points of health care utilization attributed to caregiving. A similar effect size was observed for behavioural problems (beta = 0.6).
Table 4
With respect to the country-specific results, more total hours of informal care were significantly associated with increased self-stated health care utilization in Estonia, Finland, Germany and Sweden in model 1 (left columns of Table 5 ). However in France, Spain, Sweden, the Netherlands and the UK, it was apparent that the amount of informal care did not influence caregivers´ health care utilization. When additionally controlling for disease severity, the effect of caregiving intensity remained significant in Estonia and Germany. The association was highest in Germany. In Germany, providing one extra hour of care led to a raise of caregiving related health care utilization of almost three percentage points. As already indicated by the pooled model, behavioral problems were significantly related to health care utilization. In five countries (France, Germany, Netherlands, Spain, Sweden), increasing NPIseverity by one index point, translated into increased health care use between 0.52 and 1.09 percentage points.
The positive relationship between caregiving intensity and GP visits was less pronounced.
Even though, on average (i.e. in the pooled model, cp. Table 4), increased caregiving was consistent with a higher probability of at least one GP visit within the last month providing behavioral problems were not controlled for (model 1 -3), and in spite of the expected positive signs of the caregiving estimate for all countries but the Netherlands in model 1 (right columns of Table 5 ), the significant effect only held for France and the UK when looking at the full specified model whereas in all other countries informal caregiving had no impact on the frequency of contacts.
For all models, we tested for multicollinearity between the explanatory variables and found that even in the full specified models, where all disease characteristics were controlled for simultaneously, multicollinearity was not an issue. Moreover, we performed several robustness checks (i.e. we used alternative estimation strategies and applied a different coding for several variables of interest). These modifications only had a minor impact on the results and the key message remained the same. Further information about the robustness checks is available upon request. Table 5 4. Discussion
In the present study, we analyzed the association between caregiving intensity and caregivers´ health on the one hand and health care utilization on the other hand. On average, a higher amount of informal care was significantly related to negative health outcomes. This finding held for both psychological as well as self-rated overall health. When looking at the country specific results, a negative association between caregiving hours and psychological wellbeing (respectively overall health) was observed in Estonia, Finland, France, Sweden and the UK (Estonia, Finland and Sweden). After controlling for living condition and disease severity, the impact of caregiving intensity reduced and the existence of behavioral problems emerged as a strong predictor for adverse health effects in almost all countries. Care recipients´ physical and cognitive impairments played a minor role in predicting reduced wellbeing, which indicates that informal caregivers cope better with these types of deficits than they do with neuropsychiatric symptoms such as agitated or aggressive behavior. This result is in line with several other studies which identified behavioral problems to be the strongest predictor for poor psychological health (assessed by caregiver burden and depression) among caregivers [e.g. 13, 17] .
With respect to the second part of the analysis, the association between caregiving intensity and heath care utilization, we observed a strong and positive relationship between the amount of informal care and the self-stated proportion of health care use which was influenced by caregiving. That is, individuals who provided more care contended to use a higher percentage of health care resources due to their caregiving tasks. Again, the strength of the observed relationship reduced considerably after including CRs' illness characteristics in the model. In particular, CRs' behavioral problems were identified as a strong predictor for increased health care utilization. A similar pattern appeared in Estonia, Finland, Germany and Sweden. However, with regard to actual utilization, the claim of increased health care demand due to caregiving was only partly confirmed: caregiving hours did not exhibit a significant impact on the probability of at least one GP visit within the last month in the full specified model. Though, in the country-specific models we found positive associations in France and the UK.
Previous findings about the effect of informal caregiving on health care utilization have been ambiguous. For example, Van Houtven, Wilson and Clipp found that caregivers providing more intensive support had higher drug utilization than those providing less support although the magnitude of the effect was relatively small: increasing informal care by 10 % led to a 0.7 % increase in drugs consumed per day [5]. However, some previous studies which compared medication use between caregivers and non-caregivers found that neither groups differed significantly from each other [37, 38] .
Furthermore, results regarding differences in GP visits between caregivers and non-caregivers have been inconsistent, with some studies reporting more frequent visits by the group of caregivers [e.g. 16] and others who did not find such differences [e.g. 39].
Conclusion
Which conclusions can be drawn from these findings? First, when evaluating the full economic effect of informal care, besides the reduction of public formal care expenditures (through a substitution of formal care by informal care on net), the effect of providing care on caregivers´ health and health care utilization has to be considered. In this analysis we found further evidence for the negative association between the intensity of caregiving and caregivers´ health. The investigation also revealed that these adverse health effects go along with increased (self-stated) general health care utilization and a higher probability for GP visits on average. It can be assumed that such increased health care utilization results in higher health care costs for informal caregivers. Cost studies should consider these additional costs, especially when they compare home care to institutional care, as both settings are affected differently by these costs [e.g. 40] . For the purpose of identifying the true costeffectiveness ratio of home care, future research should try to assess precisely how informal caregiving affects the use of several formal health care services (e.g. medication use, visits to a GP or to a specialist). In order to get a profound understanding of the additional costs, this auxiliary amount of health care use should be valued with relevant prices. As individuals often act as caregiver for many years and alleged health deteriorations might not directly result in increased health care use, cost studies should choose a sufficiently long time frame.
Otherwise, the cost-effectiveness ratio of informal caregiving might be underestimated.
Second, the findings also indicate that it is not just the provision of care by itself which causes negative health outcomes but rather the severity of CRs' behavioral problems, which emerged as a strong predictor for deteriorated psychological wellbeing and overall health. Thus, if it is intended to reduce the negative health effects of informal caregiving, interventions are required which reduce CRs' behavioral problems and/or improve caregivers coping strategies.
In this context, previous research on support strategies particularly identified individual and family counseling, behavior-management strategies, case management and environmental modifications as effective means to improve caregivers´ wellbeing [41] . From a societal perspective, these additional resources again have to be accounted for when evaluating the economic net effect of informal care.
Third, our analyses revealed that the association between caregiving intensity on the one hand and adverse health effects and increased health care utilization on the other hand varied significantly between different geographical regions in Europe: while a significant and negative association between caregiving and caregivers´ health status was found in the northern and central parts of Europe, no such relationship was observed for Spain -the representative for the south of Europe. The same applies when looking at the association between caregiving intensity and health care utilization. Increased caregiving was significantly associated with a higher proportion of (self-stated) health care utilization and a higher probability of at least one GP visit in the last month in northern and central Europe compared to southern Europe.
One explanation for these findings might be that in southern Europe, where internal family support is higher, this intra-generational assistance helps informal caregivers to cope better with various types of challenges and difficulties which go along with informal (dementia)
caregiving. This may result in a lower impact of informal caregiving on individual health and health care utilization in southern Europe compared to Nordic or central countries, where family ties are weaker [23] and traditionally more public health services are used.
However, in this context it has to be considered that subjective evaluation of health and health care utilization is influenced by culture and hence there is reporting heterogeneity between different countries in Europe [42] . For example, a previous study found that people in Sweden and Denmark largely overrate their health, whereas Germans tend to underrate their health status [43] . It should also be considered that even if self-reports of health might be not appropriate for comparing aggregated health outcomes among different countries, it still seems to be valid for within-country comparisons (44) . Therefore it seems to be unlikely that the association between caregiving on the one hand and health and health care utilization on the other hand within countries is affected by different reporting patterns.
Furthermore, it has to be considered that informal caregiving generally involves a considerable amount of opportunity costs through reduced labor force participation by caregivers. In this context it has been revealed that informal caregiving is associated with a lower probability of employment, reduced working hours, wage penalties and a higher risk of future poverty [3, 45] . However European countries are affected differently by these effects.
For example in southern countries (especially in Italy, Greece and Spain) individuals generally provide a greater amount of informal care and reduce their working hours to a greater extent when increasing caregiving hours while individuals in the central and the north of Europe reduce their paid work to a smaller extent but use more formal health care services [46] . Thus, compared to southern countries, individuals in the central and the north of Europe more often face a stressful double obligation caused by employment on the one side and caring duties on the other side. These different patterns might be a further explanation why we identified negative health effects in Estonia, Finland, France, Sweden and the UK but not in Spain. These different patterns have to be taken into account by policy makers when providing incentives for informal caregiving. In practical terms, that means that policy makers in the south has to be less concerned about adverse health effects and increased health care utilization through increased informal caregiving. However they should be aware of the effect that increased informal caregiving significantly reduces labor force participation which especially in the view of an ageing society could lead to labor scarcity in some industries and occupations. This could be harmful for the whole economy in future years. On the contrary, policy makers in central and northern Europe should bear in mind that increased informal caregiving (especially in combination with labor market participation) results in negative health outcomes, increased health care utilization and therefore higher health care costs for informal caregivers. To address this, policy should establish the legal framework for more family-oriented working conditions. In practice this might mean the simplification of paid leave and more flexible working hours through telecommuting for example.
This analysis extends previous research on the effects of informal caregiving on caregivers´ health and health care utilization in several ways: first, in contrast to past research which mainly focused on individuals from one country and therefore exacerbates comparisons between countries due to methodological differences, our data was collected across eight different countries from various regions of Europe in a consistent manner which enabled us to compare country-specific results directly with each other. Second, using specific inclusion criteria, the RTPCstudy was the first that focused on people with dementia at risk of institutionalization. Since the need of assistance and care for those individuals is above average which implicates particular requirements and challenges for informal caregivers, the research question posed in this paper is of special interest for this subgroup of people with dementia.
Nonetheless, the results and their implications must be viewed in light of certain limitations.
One limitation of the study is its cross-sectional design, which does not allow causal relationships between the variables to be tested. Regarding caregivers` wellbeing one could assume, that the negative effect of informal caregiving is attenuated through the fact that caregivers in better (worse) initial health are more (less) likely to provide extensive informal care. If this assumption holds, the negative association found in the present analysis will be underestimated.
Second, it should be kept in mind that the study sample consists of people with dementia at risk of institutionalization, which means that the country-specific samples are not representative of the average population of people with dementia.
Third, the analysis is based on retrospective self-reported data which are known to be prone to inaccuracy. In respect of the amount and duration of informal care, previous studies have found that caregivers tend to overestimate their time spent caring [47] .
Fourth, in the empirical analysis, we used two subjective parameters as dependent variables: subjective health (EQ-VAS) and subjective health care utilization. As with all subjective indicators, we were not able to verify the reliability of these parameters which might restrict their validity.
Fifth, country specific coefficients for caregiving intensity on health might be driven by the impact of the financial crisis which affected countries differently. This would be the case if caregiving behavior is correlated with both the economic consequences of financial crisis and health. Unfortunately we cannot test for this potential confounding factor with our data and further research on this would be fruitful [48] .
Finally, the magnitude of the caregiving coefficients is relatively small (e.g. on average, one additional hour of informal caregiving merely reduces self-rated overall health about 0.4 index points on a scale which ranges from 0 -100) and therefore, the clinical significance is limited in some cases. However, it should be kept in mind that usually informal dementia caregivers assist their relatives for a longer period of time and thus initially small deteriorations in health could cumulate over time and may result in serious health impairments and increased health care utilization after several years.
Despite these limitations, the results point towards negative health effects and increased health care utilization due to caregiving in different European countries. Besides other effects of informal caregiving, this aspect should be considered when searching for the best strategies of dealing with the huge societal challenge of increasing dementia prevalence. [11] Kiecolt-Glaser, J.K., Dura, J.R., Speicher, C.E., Trask, J.O., Glaser, R. (1991). Spousal Caregivers of Dementia Victims: Longitudinal Changes in Immunity and Health, Psychomatic Medicine, Vol. 53, 345-362.
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